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PREFACE 

"Give me a lever long enough and I can move the earth ... " This statement 
of Archimedes Will continue to echo in the eternal corridors of time. The intelli
gence of man and the aid of a lever --intellect and equipment --can accomplish 
the seemingly impossible. 

This is an air age. Since that epic flight by the Wright Brothers, aviation has 
progressed with almost unbelievable rapidity. Its story has been one of Men and 
Research Facilities. As the history of the National Advisory Committee for Aero
nautics demonstrates, the rate of aircraft development depends greatly on the 
rapidity with which adequate research facilities are made available. The support
ing role played by equipment in the march of aeronautics cannot be underestimated. 
The wind tunnel has been the greatest source of fundamental information essential 
to progress. Designed by engineers and physicists of the NACA and built through 
the approval of Congress, the Twelve Foot Low Turbulence Pressure Wind Tunnel 
will help meet the need for new knowledge to solve new problems that have arisen 
with the advent of transonic flight. 

The addition of this high-speed pressure tunnel to the research facilities of 
the Ames Aeronautical Laboratory is another step forward in aiding American re
search in its never-ending task of pushing back the frontiers of the unknown. 





IFICANC 'E 
PURPOSE 

In the NACA Twelve Foot Low 
Turbulence Pressure Wind Tunnel 
at Ames Aeronautical Laboratory, 
Moffett Field, California, full- scale 
flight conditions can be more near
ly simulated than in any other wind 
tunnel in existence. 

Designed to operate at air 
speeds up to the speed of sound, 
the tunnel is unique in providing 
air flow of negligible turbulence, 
such as is experienced in free
atmosphere flight. Further, by 
pressurizing the air in the tunnel, 
data directly applicable to airplanes 
as large as full-scale attack bomb
ers or small transport aircraft can 
be obtained. The tunnel size and 
shape was chosen for complete 
detailed models. The Twelve Foot 
Pressure Wind Tunnel is the first 
ever built to combine the features 
of very high speed, low turbulence 
airflow, pressurization to simulate 
full- scale conditions, and large 
size to accommodate complete mod
els. 

In the anti-turbulence sphere, 
which gives the Twelve Foot Tun
nel its unusual shape lies the se
cret of achieving the unparalleled 
low turbulence in such a large, 
high- speed tunnel. The sphere, 
located upstream of the test sec
tion, contains eight fine mesh 
screens, each some sixty-three feet 
in diameter. These screens, higher 
than a six- story building, act to 
smooth out eddying motions in the 
air and produce an orderly flow. 
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the test section is consequently re
duced to the degree that flow condi-

tions may be considered to approxi
mate those normally encountered 
in free air. Virtual elimination of 
turbulence error marks a unique 
advance in wind - tunnel technique 
and usefulness in that there is no 
way of completely correcting for 
turbulence, should it exist, in ap
plication of data to free-flight con
ditions. 

One of the most important con
siderations in attempting to dupli
cate flight conditions in a wind tun
nel is the combined effects of air
plane size, velocity, and density of 
the air . The combination of these 
factors, each having a known magni
tude, results in an index referred 
to asReynoldsnumber. In general, 
the criterion for similar flow in 
comparing wind tunnel data with 
flight data is equality of Reynolds 
number. In this connection, the 
ability to vary pressure of the air 
circulated in the Twelve Foot Pres
sure Wind Tunnel from 1/6 to 6 at
mospheres results in the direct 
control of air density, thereby al
lowing independent variation of 
Reynolds number without changing 
model size or air velocity. This is 
an important feature for many rea
sons . For example, by compressing 
the air to six times atmospheric 
density, a model having a 10-foot 
wing span may be investigated and 
data obtained which are directly 
applicable to an airplane with a so..: 
foot wing span, or one the size of 
an attack bomber. 
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.fr,6m 1/6 to 6 times atmospheric 
density permits a wide range of 
tunnel air velocities with a given 
power input. At pressure below 
1/3 atmospheric, an airspeed of 

750 miles per hour is attainable. 

The combination of l ow turbu
lence, wide range of velocity, and 
Reynolds number control gives the 
Twelve Foot Tunnel the distinction 
of being the most versatile, and, 
in all probability, the most eco
nomical wind tunnel in existence. 
Control of the important variables 
results not only in more directly 
useful data but also in great savings 
in research time through making 
possible an uninterrupted sequence 
of investigatibn of a given model 
or, in effect, a given airplane de
sign. 

From the viewpoint of techno
logical advancement in aeronautics, 
the potentialities of the T welve Foot 
Tunnel are large. The success of 
the NACA laminar-flow airfoil dev
elopments, as manifested in the 
high- speed performance of the 
NorthAmerican "Mustang" and the 
Lockheed "Shooting Star", .repre
sents but a partial exploitation of 
the laminar -flow principles as a 
result of limited research facilities. 
The Twelve Foot Tunnel, with its 
large diameter test section and low 
turbulence provides the only re
search facility in which high-speed 
laminar-flow wings and bodies can 
be fully investigated and developed; 
It will be invaluable, too, for the 
full study of subsonic and transonic 
characteristics of supersonic air
foils and control surfaces. The tun
nel will also be used to explore 
fully the potentialities of propellers, 
which have a definite future in the 
high- speed, high- altitude field. 
Critical design parameters for in
let ducts and shapes for large air
flow volume engines, such as turbo
jets and ram -jets, are natural fields 
of investigation for the Twelve F oot 
Tunnel. Finally, complete aircraft 
configurations will be investigated 
for further knowledge of criteria 
for tomorrow's high - performance 
aircraft. 

The importance of the NACA 
Twelve Foot Tunnel to aeronau~cs 
is the fact that. a new scientific in
strument has been provided which 
permits study with accurate control 
of the variables of speed, turbu
lence, and density in a space of 
time, not possible in less versatile 
facilities. 
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THE STRUCTURE 

The distinctive shape of the 
T welve Foot Tunnel is a dir ect out
gr owth of the tunnel's functions-
to provide non-turbulent airflow at 
high speed and at high pressure. 
The sphere, with its anti-turbulence 
scr eens, is largely responsible for 
the smoothness of -airflow through 
the test sec~ion. U - turns at the 
tunnel ends, as opposed to the four 
right-angle turns usually employed 
in wind- tunnel design, are a struc-

tural answer to the str esses im
posed by pressure: 

Because of the wide range of 
forces from high pressure to par
tial vacuum employed in tunnel 
operation, the tunnel shell is made 
of welded steel plate. Full pres
sure inside the shell is six times 
the weight of the atmospher e at s ea 
l evel , or an internal force of 12,600 
pounds on each square foot of the 

tunnel shell. When evacuated to 
one - sixth a tmosphere, the force i s 
in the other direction, and the shell 
is subjected to a collapsing load of 
five - sixths of the atmos phere's 
weight, or a total of approximately 
12,000 tons . 

T hickness of the shell plate 
varies at different sections of the 
tunnel, from 3/4 inches downstream 
of the test section where the tunnel 
is small and the load is smallest, 
to 2- 1/4 inches in the large section 
just ahead of the anti - turbulence 
sphere. 

The anti - turbulence sphere, 
which gives the Twelve Foot Tun
nel its unique configuration, is a 
device for locating anti - turbulence 
screens in the largest feasible 
cross section ahead of the tunnel 
throat. The same diameter attained 
in a cylinder would r equire a great 
increase in tunnel length and much 
thicker steel plate . 

Installation of the eight anti
turbulence screens posed an un
usual construction problem. The 
widest screen strips available were 
only 25 feet, requiring the joini.ng 
of three strips to span the 63 -foot 
sphere interior. These screens, 
similar to fine window screens of 
16 wires to the inch, had to be in
stalled with reasonable tautness 
and perfect continuity. To avoid 
disturbance of airflow, the three 
strips were joined without over
lapping edges by careful brazing, 
wire to wire, giving a clean seam 
that offered no additional obstruc
tion to the air, and therefore intro
duced no wake turbulence to the 
airstream . 
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The 12-foot-diameter test sec
tion of the tunnel is encased in a 
thick - walled cylinder 27 - 1/2 feet 
in diameter in which pressure is 
maintained as in the tunnel proper 
by means of vents in the turmel 
shell . All force measurement 
scales and model - support equip
ment are housed in this pressurized 
cylinder. A seven - ton removable 
hatch at the top of the cylinder gives 
access to the turmel test section 
for installing and removing models. 

Because of the unusual prob
lems of movement under changes 
of temperature and pressure, the 
entire tunnel shell is permitted to 
float freely on 52 pin- ended column 
supports. Actually, there is only 
one rigid point of support where the 
tunnel shell is fixed to the forward 
end of the pressurized cylinder 
surrounding the test section. The 
cylinder itself is securely anchored 
in a block of concrete. At the down
stream end of the pressurized cyl
inder, the turmel shell is contained 
in a flexible steel pressure seal. 

All pin - ended columns sup
porting the tunnel shell are con
nected to footings resting on 1,240 
concrete piles sunk 50 feet in the 
ground. While the turmel itself 
weighs over 4,000 tons, the founda
tions had to be designed to carry 
the 20,000 tons of water used in 
hydrostatic testing of the turmel . 
F or this test, which was to prove 
the safety of the turmel shell under 
extr eme pressure conditions, the 
tunnel was completely filled with 
over five million gallons of water 
at a pressure of 120 pounds per 
square inch. 
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TUNNEL SIDELIGHTS 
Over 3000 tons of arc-welded steel plate were used 

in construction of the air -tight tunnel s~1ell . The thickness 
of this plate varies from 3/4 to 2-1/4 inches. 

At high speed and maximum density, eight tons of air 
pass through the test section every second. 

A water spray system directly over the turmel is used 
for cooling it during oper ation. Protection from the sun's 
rays is afforded by a canopy that cover s the upper portion 
of the turmel shell. 

The wind turmel was filled with 5,000,000 gallons of 
water in its hydrostatic test. Then, as the pressure was in
creased, an additional 6000 gallons were required to make 
up for the stretching of the heavy steel s hell. 

Economy in operation has been carefully considered. 
When a test is completed, the air is not exhausted useless
ly .. . instead it is used to supply the air flow to an adjacent 
supersonic wind tunnel. 
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CONTROL STATION 
Complete operation of the 

NACA Twelve Foot Tunnel and the 
securing of all research data are 
achieved at a single r -=mote control 
station located adjacent to the pres
surized test chamber. 

From the control station, mas
ter controls automatically regulate 
tunnel air density and air velocity. 
Because a human being could not 
enter the pressurized tunnel with
out extensive deep - sea- diving 
equipment, changes in flight attitude 

of the model and all model motor 
and propeller regulation in pow
ered-model investigations are re 
motely controlled. Since the force
measurement scales and other re
lated equipment are located in the 
pressurized cylinder surrounding 
the test section, they too are con
trolled from the panel. At the touch 
of a button an automatic printer re 
cords forces acting on the models. 

Tunnel pressure reduction is 
accomplished from the panel by 

control of the motor-operated blow
down valve located in the services 
building. Flow of cooling water 
over the tunnel shell is also regu
lated from the control station. 

Accurate gages indicate the 
tunnel pr essure at various points. 
Pressure manometers are located 
near the control panel and a spe
cial integrating manometer panel 
consisting of 61 tubes 12 feet high 
is used in momentum drag and wake 
surveys on aerodynamic bodies. 

I 



MODEL SUPPORT SYSTEM 
Co n ve nti onal three - point, 

streamlined strut supports are used 
for three - dimensional investiga
tions of complete models and com
ponent parts. T hese struts, which 
also tr ansmit the for ces acting on 
the model to lever-type self-bal
ancing s cales, are controllable 
from the operator's panel for change 
in yaw or angle of at~ck. 

F or ce transfer and model -
angle -changing turntable mountings 
are located in the sides of the tun-

nel wall for two - dimensional in
vestigations of airfoils or for 
throat - sparming models of wing
power plant installations. A simi
lar turntabl e support is located in 
the floor of the test s ection to ac
commodate vertical mountings of 
s emi -span wing or tail models . 

For investigating models at 
high s peeds, a s o-called sting sup
port is used. With this kind of 
support the model is impaled by a 
r od extending r earward to a thin, 

airfoil - like strut sparming the 
throat at the downstream end. At 
near-critical tunnel speeds, all in
t erfer ence and shock occur well 
behind the model with the sting sup
port, thus enhancing the accuracy 
of data r eadings on the model under 
investigation. Forces acting on 
the model are measured by compact 
strain gages located within the mod
el. The sting rod is adjustable 
from the control panel for changes 
in model attitude, such as yaw and 
angle of attack. 



TUNNEL DRIVE SYSTEM 
Two 18- ton coaxial fans driv

en by a combination of a 9,500 
horsepower a.c motor create the 
airflow in the Twelve Foot Tunnel. 
Coarse speed control is obtained 
by a liquid rheostat operating with 
the a .c . motor and fine speed con-

trol is effected through operation 
of the d. c. motor . 

The front fan consists of 12 
aluminum blades and the rear fan 
has 20 blades also of aluminum. 
Blade pitch is adjustable from the 

master control panel. The front 
fan may be Wlcoupled from the 
drive shaft through a clutch ar
rangement and allowed to windmill 
when it is not needed. The prero
tation vanes in front of both fans 
are remotely adjustable. 



POWER AND MAKE-UP AIR EQUIPMENT 
Equipment rated at 15,700 

horsepower is installed in the serv
ices building at the downstream 
end of the Twelve Foot Tunnel. 
Tunnel fan drive motors are rated 
at 11,000 horsepower capacity; the 
air compressor motors at 4,500 
total; and the coolant compressor 
motor at 200 hp. 

The tunnel drive motors, which 
cannot be located inside the tunnel 
shell because of the pressure , are 
connected to the tunnel fans by a 
shaft and flexible coupling. The 
shaft extends into the tunnel wall 
through a pressure seal. 

Three multi - stage compres-

sors, capable of handling a total of 
25,000 cubic feet of air per min
ute, are employed to compress and 
evacuate the tunnel air. Less than 
two hours are required to raise 
the air density to six atmospheres . 

Water cooling units are used 
to maintain a r easonably low air 
temperature during the compr es
sion stages and Freon - filled re 
frigerating coils further lower the 
temperature to 40 degrees F . 

To avoid condensation effects, 
the air humidity is controlled by 
large silica - gel dehumidifiers. 
Moisture content of the air is re
duced to an equivalent of about 40 

cupfuls of water for the entire tun
nel volume of air, which would 
otherwise contain roughly 190 gal
lons under normal conditions. 

A motor -operated blow-down 
valve releases the pressurized air 
when tunnel pressure reduction is 
desired. Instead of venting this 
pressure energy to the atmosphere, 
however, the NACA is constructing 
an intermittent - type supersonic 
wind tunnel to utilize air released 
fr om the Twelve Foot Tunnel. For 
the same reason that the "parent 
tunnel " yields high Reynolds num
ber data, so will the opportunisti
cally constructed supersonic wind 
tunnel provide data at lar ge scale. 
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Twmel length . . . . . 

Working section (diameter) 

. 336 feet 

12 feet 

Maximum diameter (in anti-turbulence sphere) 68 feet 

25 to 1 Contraction ratio 

Maximum airspeed 

Maximum pressure 

Vacuum ... 

Number of fans 

Diameter of fans 

Number of blades in front fan 

Number of blades in rear fan 

Drive shaft . . . 

Main drive power 

Main drive speed 

750 mph 

6 atmospheres 

1/ 6 atmospheres 

. . . . . two 

22 feet 8 inches 

12 

20 

30-inch outside diameter hollow steel 

11,000 hp 

490 rpm 
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